This paper provides a case study of a threatened seahorse species, Hippocampus reidi, highlighting the importance of using ecological information to assist conservation and management initiatives. Underwater visual sighting data (50 x 2m transect) gathered along the NE, SE and S portions of the Brazilian coast revealed an unequal distribution across localities, perhaps related to harvesting pressure, and a mean density of 0.026 ind.m -2 . Our findings suggest some restricted spatial use by H. reidi, which was consistent with its estimated home range, and with re-sighting of specimens. Reproduction was recorded year-round, however productive peaks may exist. Components of habitat structure mostly used as anchoring points were mangrove plants, macroalgae, cnidarians, seagrass, sponges, and bryozoans. Conservation recommendations include: further characterization and mapping of habitats; assessment of availability and condition of microhabitats in selected areas, and studies on dispersal routes during initial life stages.
Introduction
Seahorses (genus Hippocampus) are threatened fishes due to declining populations (Martin-Smith & Vincent, 2006) . They are among the many genera whose life histories might render them vulnerable to overfishing or other disruptions such as habitat damage, and are generally characterized by a sparse distribution, low mobility, small home ranges, low fecundity, lengthy parental care, and mate fidelity. In addition the male seahorse, rather than the female becomes pregnant .
Nevertheless, different species of seahorses are harvested on a large-scale, and traded by at least 77 nations, in high volumes and different product forms, and degradation of reefs, mangroves and seagrass beds has contributed to the depletion of their coastal habitats.
Seahorses are weak swimmers that anchor themselves to vegetation or the substrate with a strong prehensile tail, and rarely venture into open water to pursue mobile prey (Kendrick & Hyndes, 2005) , and are generally considered sit-and-wait predators (Lourie et al., 1999; Felício et al., 2006) .
The need for understanding space use and ecology of seahorses is increasingly acknowledged in response to concern about their conservation status. Currently, 33 species are listed on the IUCN Red List of Threatened Species (IUCN, 2006) , and the entire genus Hippocampus has been added to the Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES). Nevertheless, only a few seahorse species have been studied in the wild. This lack of information is reflected in the application of the "Data Deficient" category to most species listed by IUCN, including some heavily exploited ones (see .
This paper provides valuable base line data about the ecology of Hippocampus reidi Ginsburg, 1933 that can be used for 1) prioritising management and monitoring initiatives; 2) evaluating currently protected seahorse habitats; 3) identifying additional areas for conservation, and 4) assisting countries in ensuring that trade is non-detrimental, as required by the CITES listing.
Materials and Methods
The longsnout seahorse Hippocampus reidi is distributed from Cape Hatteras, United States to Brazil and the Gulf of Mexico (Lourie et al., 1999) . Within Brazil it has been reported from the northern state of Pará (Salgado region) to the southern state of Rio Grande do Sul (Rosa, 2005) .
Information on the surveyed localities is given in Fig. 1 and Tables 1-2. Trade data were gathered through field surveys, as described in Rosa (2005) and Rosa et al. (2005) . Visual censuses (50 x 2 m transect) were performed from September/2002 to September/2004 during morning/afternoon periods, through snorkeling or SCUBA diving, following a standard protocol. Additional data were collected from October/2004 to September/2006. Data collected during pilot observations are only cited anecdotally. The following data were recorded underwater: sex, life stage (adult/juvenile), reproductive state (males: brooding/non-brooding -females: mature/immature), height (cm), depth of the location (m), presence of skin filaments and color pattern. Height (HT) was measured following Project Seahorse's protocol (Lourie et al., 1999) . Measurements provided for males and females are those of adult specimens.
Male seahorses were identified by the presence of a brood pouch, while sexual maturity was inferred by full development of the pouch. Females were considered as sexually mature based on their size being equivalent to the mature males , and on their ovopositor region being swollen and exhibiting a light coloration. Specimens were filmed, photographed and/or marked with a cotton rib around the tail region.
Nonparametric tests were used in all analyses, as the assumptions of parametric tests were not met. Comparisons among groups (height per sex or locality) were made by means of Mann-Whitney U test and Kruskal-Wallis ANOVA (Zar, 1999) . The latter was followed by post hoc Mann-Whitney U and had its p values adjusted for multiple comparisons with Bonferroni's correction when significant differences were found, following Green et al. (2000) . Due to the low sample size, data collected at Andorinhas, Itaipu, Ubatuba, Mal Cozinhado and Penha were not compared through post-hoc Mann-Whitney test.
Results

Population data
Throughout the study, 911 seahorses were recorded: 322 adult males (35.35%), 283 adult females (31.06%) and 306 juveniles (33.60%), resulting in an unbiased sex ratio (1.14:1 -2 = 5.03; p = 0.03). Mean height of all sighted specimens was 11.78 ± 4.06 cm (range = 2.4-20.0 cm). Significant differences were found in height distribution among localities (H (8, n = 873) = 393.38, p < 0.01) (Fig. 2) . Population data for the 12 surveyed Brazilian localities are summarized in Table 2 .
Height of adult specimens ranged from 5.9 to 20.0 cm (mean = 13.53 ± 3.38 cm), while height of juveniles ranged from 2.4 to 15.2 (mean = 8.35 ± 2.92 cm). Eighty five newborns H. reidi donated by an exporter measured 0.62 ± 0.01 cm (range = 0.48-0.75 cm). When analyzing the height distribution of all adult specimens combined, males were longer (14.14 ± 3.11 cm; n = 318; range = 6.5-20.0 cm) than females (12.84 ± 3.55 cm; n = 282; range = 5.9-19.5 cm) (U = 35043.5; p = 0.000). Significant differences between localities were found for male (H (6, n = 296) = 172.65, p < 0.01) and female heights (H (6, n = 260) = 165.90, p < 0.01) (Tables 3-4) .
When combining localities, reproductively active specimens of H. reidi were found year-round. The number of seahorses with a fully developed pouch, however, peaked from October to February (summer months) in most study sites. Males with a fully developed brooding pouch (n = 161) represented 50.0% of all adult males found, while mature females (n = 110) constituted 39.58% of all adult females. Mean height of brooding males was 15.58 ± 1.97 cm (range = 6.5-20.0 cm), while mean height of non-brooding specimens was 12.69 ± 3.37 cm (6.5-19.0 cm). Mean height of mature females was 14.88 ± 2.64 cm (5.9-19.5 cm), while mean height of immature specimens was 11.50 ± 3.44 cm (6.0-19.0 cm).
Density and habitat associations
The longsnout seahorse was unequally distributed across localities, with a mean density of 0.026 ind.m -2 (Table 2) . Population density generally was lower at localities were trade was recorded (0.013 ind.m As shown on Table 6 , specimens of H. reidi were most commonly found at lower depths (mean = 0.39 ± 0.04 m; n = 903 recorded). Adult specimens were most frequently sighted clinging to mangrove trees roots (Laguncularia racemosa, 22.46%, and Rhizophora mangle, 17.66%), fallen branches of mangrove plants (16.47%), macroalgae (11.98%) and the muddy substrate (11.68%). Young H. reidi used mainly mangrove roots (Laguncularia racemosa, 22.17%, and Rhizophora mangle, 9.91%), fallen branches of mangrove plants (19.34%), macroalgae (16.04%) and the muddy substrate (11.32%) as anchoring points (Table 1) . During a pilot survey, one specimen was sighted grasping Millepora sp. and gorgonian skeletons.
Most specimens sighted were solitary (73.7% of sightings, n = 671), however 102 groupings (Table 4) , mostly pairs (77.5%; n = 79) were recorded. 42 male-female interactions were considered as putative partners. Groups of three individuals were sighted 19 times, groups of four twice and groups of 5 and 7 once. Distance between sighted individuals ranged from zero (specimens sharing the same holdfast) to 50 m. Re- sighting of individuals occurred in most surveyed areas (Table  5) . Within a year, the maximum period of time between the original sighting and re-sighting of marked specimens was 264 days (mean = 69.40 ± 49.47). Eleven specimens were found with their tail tip clipped, suggesting partial predation by crabs; one specimen was sighted while moving away from a crab (genus Callinectes). Two specimens had anemones attached on the operculum, dorsum and between their eyes; two others were sighted with a hermit crab on their dorsum.
Reproductive behavior
Mating was only recorded once, at 0.25 m depth, as follows: one male and one female sharing a holdfast started moving for short distances (less than 1.0 m), around their holdfast, parallel to each other, grasping tails as they swirled around, and then freed their tails (during this behavior occasionally the pair grasped the holdfast). The male pumped his tail against the body region (3-5 times consecutively), a behavior that was followed by the pair assuming a pointing position (in which both seahorses pointed their snouts upwards), and repeatedly rising in the water column. Subsequently, eggs were transferred, the female placing her ovipositor inside the male's pouch opening. Immediately after mating, male and female separated, each grasping a holdfast, approximately 1.5 m apart from each other. The male then rocked back and forth for 3 min. Total duration of the observed reproductive behavior was of 25 min. A male observed giving birth (at 11:00 am) pumped the tail against the body region twice, expelling approximately 100 young each time (height of one newborn: 8 mm). Dispersal of young was initiated shortly after that.
Discussion
Population Parameters
Although seahorse populations commonly have an unbiased sex ratio (Lourie et al., 1999) , biased sex ratios have been recorded in some species (e.g. Perante et al., 1998; Teixeira & Musick, 2001; Bell et al., 2003; Martin-Smith & Vincent, 2005) . The equivalent total number of males and females observed in our study agrees with the results obtained by Dauwe (1992) for H. reidi, as well as with studies on some other seahorse species (Vincent & Sadler, 1995; Bell et al., 2003; Moreau & Vincent, 2004; Curtis & Vincent, 2006) . The discrepancies found at the Camurupim site may be related to the seahorse harvesting which took place until 2003, whereas at the Mal Cozinhado it reflects the few records of adult males (which were used to estimate the sex ratio).
Combined sightings of brooding males suggest that reproductive period of H. reidi extends year-round, a result consistent with the information provided by Vincent (1990) , and with the hypothesis that tropical seahorse species may have a lengthier reproductive period than temperate species, extending throughout the whole 12 months . A lengthy reproductive period has also been found to pipefishes (e.g. Howard & Koehn, 1985; Gasparini & Teireira, 1999; Lyons & Dunne, 2005) . The smaller proportion of juvenile H. reidi found in our study is in line with previous research (e.g. Bell et al., 2003; Moreau & Vincent, 2004) , and is typical of seahorse population assessments (Martin-Smith & Vincent, 2005) . It has been suggested that very young H. reidi may spend time in the plankton, and its development and behavior may be pelagic based on the tendency not to use the tail for anchorage (Bull, 2002) . Consistent with that information, very young H. reidi have been captured in plankton nets (Ekau et al., 2001) , and some have been observed dispersing in the water column shortly after being born (this study).
Although greater male height is unusual in seahorses , larger males have been observed in H. capensis (Bell et al., 2003) , H. spinosissimus and H. trimaculatus (see ), as well as in H. reidi (Dias, 2002; Barros, 2005) . Male height was found to be positively related to clutch size in other syngnathid species (Strawn, 1958; Berglund et al., 1986; Masonjones, 1997) , however, in H. fuscus, H. erectus and H. whitei, a positive correlation was found between female size and number of offspring (Vincent, 1990; Teixeira & Musick, 2001; Vincent & Giles, 2003) , a result consistent with studies on two species of pipefish (Berglund et al., 1986 (Berglund et al., , 1988 .
In this study, brooding males and mature females were longer than non-brooding males and immature females, respectively. Size differences related to reproduction have been interpreted as perhaps reflecting pairing of large males with larger females (Teixeira & Musick, 2001) , rather than being a direct effect of male size resulting from individuals trying to maximize their reproductive potential . 
Reproductive behavior
Our results in general agree with previous studies, in which courtship and copulation events interactions were recorded in the morning (Vincent, 1995; Grange & Cretchley, 1995; Vincent & Sadler, 1995; Masonjones & Lewis, 1996; Moreau & Vincent, 2004 ). Observed reproductive interactions in H. reidi are common courtship behavior patterns in seahorses (Vincent, 1995; Grange & Cretchley, 1995; Vincent & Sadler, 1995; Woods, 2000; Moreau & Vincent, 2004) . The duration of H. reidi´s courtship encounters closely approached the mean of 6 min observed for H. whitei (Vincent & Sadler, 1995) , and the 5.2 min mean found for all but the first day of courtship in H. zosterae (Masonjones & Lewis, 1996) ; such patterns could represent common courtship behaviour across species.
According to the descriptions provided by Lourie et al. (1999) and Masonjones & Lewis (2000) , the coupling seahorses sighted in our surveys were in the last phases of courtship. These two distinct behavior patterns have been interpreted as meaning readiness to mate (Vincent, 1990 (Vincent, , 1994a (Vincent, , 1994b Masonjones & Lewis, 1996) . The observed slow and repeated body movements just after eggs transfer has been interpreted as an attempt to settle/distribute the eggs in the pouch (Masonjones & Lewis, 1996; Lourie et al., 1999; Woods, 2000) .
Although color changes, which may mean social interaction (Vincent, 1994a) , are commonly observed in seahorses' encounters (Vincent, 1995; Vincent & Sadler, 1995; Woods, 2000; Moreau & Vincent, 2004) , there were no conclusive evidences of color changes in the coupling seahorses sighted.
Density and habitat associations
The longsnout seahorse exhibited a patchy distribution pattern and low densities, a general tendency described to seahorse species (Lourie et al., 1999 (Lourie et al., , 2004 . Lower mean population densities generally were found at localities where harvesting of seahorses has been recorded. However, the lowest density recorded at the Penha site is possibly related to H. reidi approaching the end of its southern Brazilian distribution, an area in which its density is known to be naturally lower (Rosa, 2005) .
A previous focal grid study (Dias & Rosa, 2003) recorded mean densities of 0.51 and 0.006 ind m -2 at a wooden pier and in an estuarine area, respectively. Mean densities in areas where seahorse harvesting occurs were roughly the same as the density the exploited H. comes (Perante et al., 2002) , but were lower (even among areas without harvesting in Brazil), than those obtained in focal grid studies on H. whitei (Vincent & Sadler, 1995; Vincent et al., 2005) , H. breviceps (Moreau & Vincent, 2004) , H. capensis (Bell et al., 2003) , and H. guttulatus (Curtis & Vincent, 2005 , 2006 .
Densities estimated for seahorses generally are lower in random transect surveys than in focal grids (see Curtis & Vincent, 2005; H. abdominalis, Martin-Smith & Vincent, 2005) , probably due to abiotic and biotic conditions (Curtis & Vincent, 2006) , and possibly related to the sparse distribution of seahorse species or sampling constraints. However, as remarked by , at least in some populations of Hippocampus the low densities probably derive from overexploitation. We observed this at some of our study sites, particularly in the state of Ceará, where population density and mean height of adults were significantly lower than at other sites. We recommend further population studies at the Ceará sites where the smallest specimens were found, to evaluate whether that characteristic is related to fishing pressure or not, and to better assess the implications of size distribution in terms of reproductive output.
The holdfasts recorded in our study were consistent with the description provided by Rosa et al. (2002) and Dias & Rosa (2003) for the species. Our findings clearly indicated the important role played by components of habitat structure (e.g., mangrove vegetation) in maintaining healthy populations of H. reidi.
Influence of habitat availability on the spatial distribution and abundance of H. reidi was suggested by the use of the locally abundant bryozoans and macroalgae as anchoring points in SE/S localities, and of mangrove roots in NE Brazil. This result is consistent with Curtis & Vincent (2005) , who observed that the amount of total habitat covered by vegetation and sessile invertebrates appeared to influence the distribution and abundance of H. guttulatus.
Specimens of H. reidi were often found resting their bodies on the substrate, a behavior also described to H. capensis (Bell et al., 2003) and H. abdominalis (Martin-Smith & Vincent, 2005) . As inferred for H. breviceps by Moreau & Vincent (2004) , specimens encountered on bare substrate may be temporarily exploiting open habitats, be in transit between covered microhabitats or have been displaced from their home ranges by strong wave action during storms.
Some seahorse species are known to grasp artificial structures, such as fishnets and cages or jetty piles (see . H. reidi is also known to use man-made structures, such as wooden piers (Dias & Rosa, 2003) , and in our study were sighted clinging to fish corral screen and nylon ropes. The use of artificial substrates as holdfasts, although suggesting a relative plasticity by the species in relation to anthropogenic modifications of the coastal environments can also render the seahorses more accessible to direct exploitation, or increase the risk of accidental removal of specimens during haulage of nets or other fishing gear.
Home ranges have been associated with reproductive behavior in some seahorse species (Vincent & Sadler, 1995; Perante et al., 2002; Bell et al., 2003; Vincent et al., 2005; Curtis & Vincent, 2006) , with the costs of associated with movement being greater than the benefits in terms of survival, growth and reproduction . Spatial fidelity to sites and putative pairs were suggested by the resighting of individuals in most surveyed areas, corroborating patterns previously demonstrated in this species (Dauwe, 1992; Nijhoff, 1993; Rosa et al., 2002) .
Hippocampus reidi is known to occur between depths of about 10 cm (Rosa et al., 2002) and 55 m Vari (1982) , and sightings in shallow water emphasizes its coastal pattern and highlights the importance of coastal habitats, such as mangrove and reefs, for this species and most other seahorse species (see . However, given that Dauwe (1992) recorded larger individuals of this species in deeper waters, our records of the species at greater depths should be further investigated to evaluate the role played by local habitat structure, ontogeny and/or reproductive stage in the species´ vertical distribution.
The seahorses in our study were generally found to be solitary with no other individual within visual range. Similar results were also obtained for H. abdominalis (Martin-Smith & Vincent, 2005 ). When not solitary, H. reidi specimens were mostly observed in pairs, generally putative partners. Hippocampus reidi pair forming has been previously recorded by Dauwe (1992) and Nijhoff (1993) , and groups up to four individuals were recorded by Rosa et al. (2002) . As observed in the wild for the socially monogamous species H. whitei (Vincent & Sadler, 1995) , H. comes (Perante et al., 2002) and H. capensis, the commonest social group sighted in our study was male/female pair. This result plus the observed site fidelity and small home range, suggests that Hippocampus reidi may follow a monogamous sexual pattern, as is generally found in other species of seahorses (see .
Given the need to assess the percentage of existing and potential refugia, and the potential impact of harvesting on wild populations of seahorses, conservation recommendations include: 1) further characterization and mapping of seahorse habitats; 2) an evaluation of the extent of habitat that is currently protected; 3) identification of suitable habitat network, based on seahorse life history and ontogeny; 4) assessment of availability and condition of microhabitats in selected areas, with and without legal protection; 5) studies on dispersal routes during initial life stages, and 6) ongoing assessment of abundance from fishery-independent surveys; 7) studies focusing on recognized sources of mortality in aquaria (e.g., feeding and nutrition), both to improve survival rates, and to generate data necessary to develop a science-based protocol for sustainable aquaculture of the species.
Seahorses have an important role as flagship species to promote the conservation of marine ecosystems. Furthermore, as remarked by Martin-Smith & Vincent (2006) , together with their syngnathid relatives, seahorses have provided a focus for efforts to ensure sustainable use of marine resources, with new international trade controls via CITES. Given that their populations in the wild are threatened by a number of anthropogenic factors which also threaten less well-known species living in coastal habitats, a continued effort to conserve seahorses and their habitats may thus benefit broader assemblages of marine species.
